We find that the long-run equity premium is fully explained by GDP growth and that it is consistent with a short-term portfolio insurance motive. We first derive the macroeconomic equivalent of the standard sustainable growth formula to determine the long-run average return on stocks. The average stock market return depends on the GDP/capita growth rate and the retention rate net of share repurchases. Next, we determine the economy's return on corporate assets and show that the return on corporate debt is related to overall GDP growth. After calibrating key macro economic/finance parameters, we obtain values for expected equity and corporate debt returns that respectively match the S&P 500 and 3-month T-bill historical arithmetic average returns. Our first conclusion is that in the long-run, the equity premium is generated by economic growth. Our second key result is that the equity premium is also closely approximated by the premium paid on a put option to maintain the value of $1 invested in the market when long-term investors wish to insure against downside risk on a year-to-year basis. These results have implications regarding how risk-free debt is priced and about the economy's capital structure.
I.

Introduction
The equity premium, which is typically defined as the difference between the return on the S&P 500 versus a risk-free security, impacts many aspects of financial reality. It is a critical input in most portfolio allocation decisions as well as in capital budgeting decisions. It is also central to the decade-long policy debates about whether a portion of the social security trust fund should be invested in the equity market. Because of its overarching importance in financial decisions, it is imperative to understand the determinants of the equity premium and to gauge its correct magnitude.
In their seminal paper, Prescott and Mehra (1985) showed that the standard economic growth model was unable to explain the historical difference between the stock return on a broad index versus risk-free bonds. This became known as the equity premium puzzle.
The key underlying argument has been that the premium exists due to stocks being riskier than treasury bills or bonds. However, this line of argument has not led to a resolution of the puzzle. Many attempts at modifying the standard model have fallen short of fully explaining the size of the premium (Kercholakota (1996) , Mehra (2003) ).
Clifford Asness (2002) uses an empirical approach to addressing the issue. He links the size of the expected premium to differences in the volatility of stocks vs. bonds for horizon periods of 20 years. Although his analysis captures the risk premium over 20 year periods, it does not explain the size of the long-term premium based on volatility for the full historical record. 1 In two recent articles, Prescott and McGrattan (2000) and (2001) claim to put the puzzle finally to rest. In their first article, they show that the high ratio of market value of equity to GNP at the beginning of the year 2000 is rationally based when computing the value of corporate tangible and intangible capital assets. In their subsequent article they show that during the postwar period, the large rise in equity values is as predicted by the theory once the historical change in the taxation of dividends and the increase in holdings in tax-deferred accounts are accounted for. The approach in their (2001) article mostly focuses on explaining recent equity returns, and does not explain the historical difference between stocks and risk-free returns.
In this paper, we present a theoretical and empirical foundation for showing that in the long-run, the equity premium can be fully explained by GDP growth and that it is consistent with a short-term portfolio insurance motive. First, we develop a supply-side growth model that theoretically derives the ex-ante long run equity premium. We arrive at the macroeconomic equivalent of the standard sustainable growth formula used in most corporate finance textbooks to determine the long run average return on stocks. The longterm average stock return depends on GDP/capita growth and the earnings retention rate net of share repurchases. Once the key macroeconomic and finance parameters are imputed, we match the historical value of the arithmetic average stock return over the period 1926-2001. 2 Next, we turn to the average return on corporate debt for the economy. Our approach is to first derive the economy's required return on corporate assets (RRCA) from the investors' standpoint. The required return on corporate assets is the discount rate that makes the present value of expected future after-tax cash flows accruing to creditors and equity holders equal to the market value of the corporate asset base in the economy.
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From the RRCA, we infer that the corporate debt/bondholders' return depends on overall GDP growth, as the RRCA and the return on stocks are also determined by GDP growth. We obtain a value for the return on debt that is identical to the historical average of the 3-month T-bill over the same period. This result is to some extent an artifact of the data that exhibits a survivor bias, in the sense that it excludes defaulted or bankrupt companies over time. Interestingly, this implies that in the long-run, survivor-biased corporate debt will be risk-free as the economy grows at a constant expected rate, where the risk-free rate is determined by the 3-month T-Bill, absent of any term structure effects. 4 Our first main conclusion is that in the long-run, the size of the premium (as expressed by the difference between the average stock return and the 3-month treasury) is determined by GDP growth and other financial parameters such as marginal income tax rates.
5
Our second key result is that the equity premium is consistent with a short-term portfolio insurance motive. We show that the equity premium is closely approximated by a put option premium on a $1 investment in the market index when a long-term investor wishes to insure against year-to-year market volatility, using the average yearly S&P 500 volatility over . An investor following this strategy approximately nets out the average real risk-free rate and thus is akin to a debt holder with a long-term horizon investing in risk-free debt. We offer a new view of the debt holding vs. stock holding trade-off, in which both bondholders and stockholders gain respectively from cofinancing corporate assets. Stockholders benefit from leveraging assets as they can boost equity returns through paying higher dividends or repurchasing shares while maintaining a constant asset and earnings growth rate. 6 On the other hand, debt-holders, desirous to earn long-term equity returns, will forego these returns so long as they choose to fully insure against the loss of their (real) principal in the short run. In effect, they are paying a portfolio insurance premium to the stockholders, ending-up with a return equal to the risk-free rate on average.
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Our analysis has several broad implications. The first implication is that the risk-free rate must be compatible with the portfolio insurance motive and is priced relative to the expected stock return, itself determined by GDP growth and leverage. Moreover, a determinant of the long-run economy's capital structure is investors' preference regarding insurance (Leland (1980) ). The marginal investor determines the amount of riskfree/corporate debt held at the point of indifference between the two strategies:
maximizing long-term expected return and be exposed to loss of principal in any given year, or paying the premium and insuring against principal loss every year.
The paper is organized as follows: Section II develops the steady-state growth model that explains the stock return in the long-run. Section III derives the return of corporate assets and the return on corporate debt/bonds. Section IV shows how GDP growth and the equity premium are related. Section V determines the premium from the standpoint of portfolio insurance. The last section contains concluding comments and possible extensions.
II. Long-Term Stock Returns and GDP per Capita Growth
In this section, we determine the equity premium by linking together macro-economic and finance variables. In the long run, the standard economic growth model 8 shows that consumers will substitute consumption inter-temporally by comparing the return on capital versus the marginal cost of foregoing current consumption in favor of future consumption. The aggregate degree of risk aversion and willingness to transfer consumption over time, at the economy level, are the two factors that play a key role in defining the premium in the mainstream literature.
In this paper however, we use a supply-side approach. We appeal to the natural properties of a long run steady-state growth path for the economy to derive our key relationship between the equity premium and growth. In the long-run, Kaldor's (1961) stylized facts state that the U.S. economy is characterized by a constant nominal (and real) GDP growth rate that equals the growth rate of capital, with a stable factor income distribution (labor vs. capital).
We posit that in the long run, the expected growth of the economy's corporate capital stock equals the expected growth in book value of a broad stock index. 9 The change in the index's book value of equity is driven by surplus accounting. We also postulate that the financial environment satisfies Miller Modigliani's (1958) proposition and that the optimal capital structure is achieved for the whole economy.
Let us develop our notations. Let denote capital stock, is the stock price and denote the book value of an equity index, represents earnings, and S is the total number of shares outstanding in the economy, all at the beginning of period t. As for GDP, the time period t represents the period over which production is effected. 
α of reinvestments that earn the firm's expected ROE and a portion (1-1 + t α ) of earnings that is used to repurchase shares. The expected rate of net stock issues at the end of period t is 1 st g + and is given by:
The gross rate of new stocks issues is denoted by . It is the rate at which new shares grow if no share repurchases are occurring. The expected growth in book value of equity is given by:
9 It is worth noting that this growth rate is net of firm extinctions in the sense that it is biased toward surviving firms, which is how the S&P 500 index growth rate operates as well.
Expression (2) says that the expected growth of real corporate book value for the equity index (S&P 500) comes from two sources: the first term within brackets represents internal reinvestment and the second is the increment from issuing net new equity at a price equal to the expected price at the end of next period. As mentioned earlier, our key assumption is that the growth of equity book value of a broad equity index (S&P 500) equals the growth in total capital assets at the economy level, that is:
In the long-run, the economy is in a steady-state and the following conditions must hold:
i) The expected ROE converges to the long-run after-tax and depreciation expected real return on stocks µ.
ii) The price to book ratios and
iii) The long-run expected growth rate of population n and net new shares s g are both constant.
iv) The expected growth rate of GDP g equals the expected growth rate of capital.
v) The long-run payout ratio and share repurchase rate ( b ) 1 α − are constant.
Using conditions ii) and iv) above, the expected price to book ratio is given by:
We posit that in the steady state, expected net new share growth s g equates the expected population growth n so that stock market wealth per investor does not grow faster than GDP/capita in the long-run. 10 Let y g denote the expected real GDP/capita growth rate.
When substituting (3) and (4) into (2), and assuming that the product s g g× is negligible we get:
Expression (5) shows that the long run expected nominal net return is a direct function of the expected rate of growth of real GDP/capita. It also depends on the retention ratio and on the percentage of retained earnings
α not used to repurchase shares but reinvested. 11 The long-run nominal stock return equals the long run expected growth rate of real GDP/capita adjusted by the percentage of earnings retained. This result theoretically agrees with the empirical findings of Arnott and Bernstein (2002) . They find that the real return is directly related to real per capita GDP growth after accounting for dilution effects.
It is important to note that expression (5) is similar to the long-term sustainable growth formula found in standard corporate finance textbooks (for example Brealey, Myers and Marcus (1999) ) except that it incorporates share repurchases and applies to the corporate sector as a whole. Furthermore, the sustainable growth rate is in some sense predetermined by the long-run GDP growth rate.
In order to parameterize the formula in (5), we posit that the fraction of earnings reinvested internally (1-b)α has on average remained constant over the period, which should be true in the long-run as share repurchases are one to one substitutes for dividends. Borrowing from Fama and French's (2001) analysis of dividend trends, we peg the value of the average parameter (1-b)α at 23.34%. 12 The arithmetic 12 Using CRSP and Compustat, Fama and French (2001) find that over the 1983-1998 period the dividend payout ratio including gross share repurchases equals b' = 76.66%, whereas it equals b = 45.24% without repurchases. It must be true that b +(1-b) (1-α ) = b'. Thus, we are able to derive the value of α over 1983-1998 the following way: α =1-(76.66%-45.24%)/(1-45.24%)=42.62%. We then postulate that the product (1-b)α =54.76%x 42.62% = 23.24% remained constant over the period . Using longa critical role in our analysis. The gross rate of issuance is a free parameter determined by expression (1). In the steady-state the amount of shares repurchases has to be consistent with the pricing of the stock market index. However, the growth in price is pegged by the GDP growth rate. 11 Note that the result would be the same if we assumed instead that issues were sold at the beginning of period price P t , as in our present case, we are assuming that the product s g g× is negligible.
average population growth rate is n =1.33% 13 and is assumed equal to g S . The arithmetic average real growth rate of GDP/capita over the period is y g ≅ n g − = 3.4% -1.33% = 2.07%. Thus, we get:
This value is nearly identical to the average real stock return value of 8.9% estimated by Siegel (2002 Siegel ( ) for 1926 Siegel ( -2001 . Thus, we derived an exact analytical relationship linking the average real stock return and to long term GDP/capita growth.
14 From equation (5), we observe that the smaller the retention ratio and reinvestment percentages are, the greater the stock return is for a given GDP/capita growth rate. An interesting case arises when all earnings are reinvested (b = 0 and = 1). In that instance, no dividends are paid and no share repurchases occur, growth is completely financed internally and the expected stock market return drops to the GDP/capita growth. This suggests that the use of leverage is critical in providing a higher return to shareholders.
Leverage helps to maintain corporate assets and earnings growth while allowing shareholders to boost their return via the distribution of dividends and the repurchase of shares. 15 However, we will see later on in Section V that shareholders cannot overly exploit this mechanism, as there is a natural upper bound on how much dividends and shares repurchases shareholders can leverage, based on an insurance motive that may guide debt holders' decisions.
term averages over the period 1926-2001 for the payout ratio b = 55.5%, and assuming that the fraction of earnings reinvested internally has on average stayed constant, we deduce a value for the reinvestment rate as a fraction of retained earnings α = 52.45%.
13 This corresponds to the growth rate of the US population for ages 10-years and older (source: BOC). Our equity returns estimate varies from 8.54% when using the total population growth rate (1.19%) to 9.45% for the growth rate of 15-years old and older (1.41%). It should be clear that we are looking for an estimate of net equity share growth, which is probably in line with the growth rate of the segment of population more likely to own stocks. 14 Our result may entail that an upper bound is necessary for the ratio of market value of equity over wages, as otherwise stocks traded at the margin may eventually not find any buyers or would depress prices of other asset classes (real estate) used to purchase expensive stocks. This idea requires further investigation. 15 This may explain why the long-term stock market return has been much higher than GDP growth for example. It is worth noting that the analysis uses arithmetic average return and not compounded return. The sustainability of a real compounded return in the 7% range is very unlikely given the argument put forth that for such a return to exceed GDP growth, corporate leverage has to be relied upon.
III. The Return on Corporate Assets and Return on Debt
In this section, we focus on the corporate sector. We hypothesize as we did previously that in the long-run, the growth of the capital stock at the economy level equals the growth in book value for the S&P 500. Moreover, the corporate debt-equity ratio must also be constant in the steady state given a Miller- Modigliani (1958) 
The expected long-term RRCA is given by:
Where D r stands for the expected return on corporate debt/bonds and L stands for the fraction of the investor's portfolio invested in debt or alternatively corporate leverage.
We hypothesize that in the long-run, the sum of expected dividends plus interest payments to investors is a constant fraction λ of GDP, as they cannot together grow faster than GDP. Given an average marginal tax rate of T, the above expression becomes:
The result in (8) indeed is the standard growing perpetuity formula applied to the entire asset base of the corporate sector. Thus, the RRCA is also given by:
Finally, combining expressions (7) and (9), we get an expression for the debt return as:
We determine leverage, we use book value of equity, which is supported by the stability of the capital structure as evidenced in Fama and French (1999) . The average value for the book leverage ratio over the period is 38.05%; the average value for the ratio of the net total payments to investors over total market value of assets (before taxes) 17 The real RRCA is obtained by plugging the real GDP growth rate in formula (9). 18 The data is actually available for prior years going back to 1952. Nonetheless, our data on marginal tax rates starts only in 1954. 19 Even though there is a difference in methodology between the two approaches, we do not believe that these differences affect our conclusions in any significant way. (9), we obtain a value for the real RRCA of 5.8%, based on a long-term GDP real growth rate of 3.4%, which is close to Fama and French's (1999) estimate of 5.95% over the period . Finally, using formula (10) our estimate for the expected real return on debt is 0.77%, which is nearly identical to the real T-bill arithmetic historical average of 0.76%
for the period 1926-2001. 20 This result surprisingly suggests that the overall corporate debt may be considered risk-free in the long-run. However, it must be recognized that our model and the data have a survivor bias, wherein the defaulted debt stops being reported in subsequent years, and the payments typically shrink faster than the reported principal does. This leads to a probable understatement of the actual long-term return on debt that should include a default premium.
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IV. Growth and the Long Run Equity Premium
Finally, we derive the difference between the return on corporate equity vs. corporate bonds. Based on expressions (5) and (10) the difference is given by the following formula:
On a per share basis, the difference depends positively on the real rate of growth of GDP and on the blended marginal income tax rate T, and negatively on leverage and the net growth of shares. Because of our prior result that the corporate debt return equals the 20 Fama and French (1999) discuss the use of simple vs. compounded returns as discount rates. They argue that under certain conditions the expected one period simple return is the appropriate discount rate. Otherwise, a more appropriate method is to use a weighted average of simple and compound returns. 21 In other words, the growth of actual issued volume of debt should exceed GDP growth by an amount equal to the average corporate default rate.
risk-free rate in the long-run, we deduce that formula (11) characterizes the equity premium as well. The fact that the difference in between stocks corporate bonds given by expression (11) is related to GDP growth appears sensible if we note that a bond is a claim to a fixed income stream, whereas a stock is a claim to both growing dividends and earnings streams. 22 Over the period of 1926-2001, and after combining our prior estimates for the long-term expected return on debt and the return on stocks, we obtain a value for the premium of equity over the 3-month T-Bill equal to 8.10%, which matches the historical estimate over the examined period.
V. Portfolio Insurance and the Equity Premium
In this section, we determine the long-run equity premium by examining an investor's objective of averting downside risk. Consider an investor adopting the following longterm strategy: every year, invest $1 in a stock index and buy a put option on the index (with a real-term $1 strike), sell the stock at the end of the year. This is an instance of repeated portfolio insurance using a protective put (Merton, Scholes, and Gladstein (1982) ). The yearly maximum loss is limited to the loss of the put premium. In the longrun, the expected return from the stock must be the arithmetic average of the index return.
We postulate that yearly market volatility is expected to equal the annual volatility given by a long-term horizon estimate. In that case, the put option price remains constant. We also posit that the index pays a known dividend.
Formally, let µ be the arithmetic average real expected stock return, let r be the arithmetic average real risk-free rate, q is the real after-tax dividend yield, and c and p are the respective option prices for the European call and put. Our goal is to find the value of this put option. Given that the current index price is $1 and the strike price is also $1, and using compounded rates of returns, the put-call parity formula for a dividend paying stock (Hull (2003) ) leads to express the put price as: Given that the expected net stock return is greater than zero, the expected value for the put option must be zero, as it is expected to be out-of-the-money. Therefore, we get:
In other words, the expected future value of the call option equals the expected capital gains rate. 24 We postulate that the present value of the expected future call value is a good approximation for the current call value, that is: (14) and (15), and plugging the resulting call price into (12), we get:
So that the equity premium can be expressed as: Rubinstein (1984) defines these expectations for a horizon h less than 1 and for volatility estimates that may differ for individuals compared to the overall market. Here we posit that h is arbitrarily close to one and that individual estimates are arbitrarily close to the market volatility. 24 It is interesting to note that this same result could have been derived using Black-Scholes' (1973) call option approach to corporate equity. In that case, we would have to assume that stocks are initially purchased using zero-coupon debt and that the real required return on debt is zero. 25 Using parameter values introduced later, we find that the Black-Scholes current call price equals 6.56% whereas our estimate is 6.50%.
In other words, the risk premium approximately equals the value of a European put option on a stock index compounded at the dividend yield rate (using the average annual standard deviation of prices). Applying Black-Scholes' (1973) approach, we can evaluate the price of such put option. It is well known that the resulting value is independent of the expected stock return and investor preferences. 26 Assume that the strike price and the current stock price are both equal to $1, and that the option's maturity is one year. The standard formula for an option on a dividend paying stock index (with taxes) is given by Scholes (1976) . 27 According to our strategy, an investor sells her stock at the end of each year. We posit that she is taxed at the marginal ordinary income tax rate and that this tax rate equals the dividend income marginal tax rate T. Hence, the formula is: Thus, using the relationship between the put option and the equity premium expressed in (18) and the put pricing formula (19) we obtain an independent estimate of the premium.
We apply formula (19) with the following parameters: the dividend tax rate corresponds to the average marginal rate over 1954-1999 (with 1999 values used for the years 2000 and 2001) . The value for the tax rate is 40%. 28 The standard deviation of stock index prices is a historical estimate using continuously compounded annual real total S&P 500 returns over 1926-2001. We adjust total returns according to Hull (2003) , by removing the effect of dividends on stock volatility to account for the risky portion of stock prices.
The value of the standard deviation σ is estimated at 18.87%. 29 Our estimate of the inflation-adjusted pre-tax average S&P 500 dividend yield is 4.20% over the same period. 26 This approach is subject to the standard criticisms of the log-normality assumption of stock market price distribution. 27 Scholes (1976) prices a European call option. Obviously, a put option can be priced using the put-call parity formula. 28 The estimates for are from Estrella and Fuhrer (1980) , and for 1980-1999 from the NBER TAXSIM model. 29 A correction might be needed because the 3-month T-bill also exhibits some volatility.
The value for the real risk-free rate corresponds to the T-Bill arithmetic average real rate of 0.76% over that period as well. We then arrive at a value for the put option premium p of 8.29%, and a value for the risk premium of 8.16%, which is nearly identical to our prior estimate for the risk premium.
It is important to note that this insurance strategy does not fully guarantee a risk-free return on a yearly basis. In order to achieve that goal, the investor would for example have to sell a call option in addition to owning a protective put. Over a long-term investment horizon, stocks are on average as "riskless" as bonds, in the sense that they deliver an average return that is more and more certain with longer horizons, based on real long-term GDP growth. On the other hand, the difference between riskless securities and stocks is that riskless securities are a perfect hedge against short-term market downside risk, whereas stocks obviously are not. Our result shows that the long-run equity premium must reflect a portfolio insurance motive because otherwise there would be an opportunity for a riskless long-term arbitrage.
It is useful to view an investor following this portfolio insurance strategy as a debt holder. In that interpretation, stockholders benefit from leveraging assets as they can boost equity returns through paying higher dividends or repurchasing shares while maintaining constant asset and earnings growth rate. On the other hand, debt-holders are also investing in the corporate sector, and could potentially earn the long-term equity return. However, they will forego these returns so long as they choose to fully insure against the loss of their (real) principal in the short run. In effect, they are paying a portfolio insurance premium to the stockholders, leaving them with a return equal to the risk-free rate on average.
This result has several implications. First, the long-run risk-free rate should be compatible with the portfolio insurance motive, which means that the insurance premium should dictate where the risk free rate should be in relation to the long-run expected stock market return. This suggests that because the steady-state GDP growth rate is mostly determined by technological and productivity advances, the supplemental stock return obtained via dividends and share repurchases is capped for a given risk free rate. Higher dividend yields or larger net share repurchases could potentially result in a higher riskfree rate. Moreover the portfolio insurance motive, indicates that the capital structure of the economy may be influenced by the investor being indifferent at the margin between maximizing long-term expected return and be exposed to loss of principal in any given year, or paying the premium and insuring against principal loss every year.
VI. Conclusion
In this paper, we provide two alternate explanations for the long-run equity premium.
One is based on GDP growth; the other is based on a portfolio insurance motive. We derive the long-run ex-ante equity return and long run corporate debt return using a supply-side growth model. We find that the main determinant of these returns is GDP growth. Our model accurately replicates the arithmetic average historical returns for the S&P 500 and the relatively riskless T-Bill. Our first conclusion is that the equity premium defined as the difference between the S&P 500 stock return and 3-month government T-Bill can be fully explained by GDP growth in the long run. One key reason for this result is that equity is a claim to earnings and dividend growth while fixed income instruments are just that. Our result also hinges on the fact that the data on corporate debt and on the equity side have a survivor bias. Interestingly, our analysis entails that the corporate debt of surviving firms exhibits a long-term average return that is in essence risk-free. In actuality, because investors typically invest in bond portfolios that experience failure rates, a default premium should be added to our estimate.
Our second main conclusion is that the premium can also be viewed as a put option premium for maintaining the real value of a $1 stock investment, with a maturity of one year. For very long-term investment horizons, stocks are on average as "riskless" as bonds, in the sense that they deliver an average return that is more and more certain with longer horizons, based on real long-term GDP growth. On the other hand, the difference between riskless securities and stocks is that riskless securities are a perfect hedge against short-term market downside risk, whereas stocks obviously are not. Our result shows that the long-run equity premium must reflect a portfolio insurance motive because otherwise there would be an opportunity for long-term riskless arbitrage.
Future research will examine how to disentangle the part of the premium that is due to risk from that which is due to growth in the short to medium term. In that respect, using S&P 500 put options prices may be a promising tool and an interesting research avenue for assessing the size of the equity premium in the short to medium-term.
